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METHOD OF PURGING A BALLOON CATHETER 

This application is a continuation-in-part application 
from U.S. patent application Ser. No. 07/297,078, filed 5 
Jan. 13, 1989, now abandoned. 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 
The present invention relates to the field of angio- 10 

plasty. In particular, the present invention relates to a 
method of purging a dilatation balloon catheter. 

2. Description of the Prior Art 
Angioplasty has gained wide acceptance in recent 

years as an efficient and effective method for treating 
types of vascular diseases. In particular, angioplasty is 
widely used for opening stenoses in the coronary arter 
ies, although it is also used for treatment of stenoses in 
other parts of the vascular system. 
The most widely used form of angioplasty makes use 

of a dilatation catheter which has an inflatable balloon 
at its distal end. Using fluoroscopy, the physician guides 
the catheter through the vascular system until the bal 
loon is positioned across the stenosis. The balloon is 
then inflated by supplying fluid pressure through an 
inflation lumen to the balloon. The inflation of the bal 
loon causes stretching of the artery and pressing of the 
lesion into the artery wall to reestablish acceptable 
blood flow through the artery. 

Before a dilatation catheter is used in an angioplasty 
procedure, the balloon and catheter must be purged of 
any air to prevent the possibility of air entering the 
vascular system. The purging of air from the balloon 
and catheter with radiopaque purging/inflation fluids 
also presents the advantage of making the catheter more 
visible under fluoroscopy. Typically, purging of the 
catheter can be accomplished either by a distal venting 
device, as in U.S. Pat. No. 4,638,805, or via the provi 
sion of two separate lumens to the balloon. In the latter 40 
case, one lumen is used to introduce liquid into the 
catheter and balloon and the second lumen is provided 
to allow the purged air to escape, as in U.S. Pat. No. 
4,323,071. The purging lumen may be permanently 
incorporated into the catheter or may be removable 45 
after purging. A disadvantage of these purging methods 
is the requirement of two separate lumens. 

In order to treat very tight stenoses with small open 
ings, there has been a continuing effort to reduce the 
profile (and shaft diameter) of the catheter so that the 50 
catheter cannot only reach but also cross very tight 
stenoses. A successful dilatation catheter must also be 
sufficiently flexible to pass through tight curvatures 
through the very tortuous path of the vascular system. 
A further requirement of a successful dilatation catheter 55 
is its "pushability'. 

This involves the transmission of longitudinal force 
along the catheter from its proximal end to its distal end 
so that a physician can push the catheter through the 
vascular system and the stenosis, 60 
Two types of dilatation catheters are "over-the-wire' 

catheters and "non-over-the-wire' catheters. An over 
the-wire catheter is one in which a separate guide wire 
lumen is provided so that a guide wire can be used to 
establish the path to the stenosis. The dilatation catheter 65 
can then be fed over the guide wire until the balloon is 
positioned within the stenosis. One problem with the 
over-the-wire catheter is the requirement of a larger 
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profile (and shaft) in order to allow for the separate 
guide wire lumen. 
A non-over-the-wire catheter acts as its own guide 

wire, and thus there is no need for a separate guide wire 
lumen. One advantage of a non-over-the-wire catheter 
is its potential for reduced profile (and shaft) since a 
guide wire lumen is not required. However, one disad 
vantage is the inability to maintain the position of the 
guide wire within the vascular system when removing 
the catheter and replacing it with one of a smaller (or 
larger) balloon diameter. Thus, with the non-over-the 
wire catheter, the path to the stenosis must be reestab 
lished when replacing the catheter with one having a 
different balloon diameter. 

SUMMARY OF THE INVENTION 

The catheter purging method of the present invention 
does not require separate lumens nor a distal venting 
device to purge a catheter and balloon of air. The inven 
tive method is for use in connection with an inflatable 
balloon at the distal end of a shaft which has a lunen 
extending therethrough. The lumen has at least one inlet 
in communication with an interior of the balloon and 
extends to a lumen outlet distally of the inlet. The lumen 
is filled with liquid from a proximal end of the shaft so 
that liquid is forced out of the lumen through the lumen 
outlet. A guide wire is then advanced distally through 
the lumen and a liquid-tight seal is formed about the 
guide wire distally of the inlet. 
The shaft lumen is thus purged of unwanted air, and 

then by advancing the guide wire, a seal is formed about 
the guide wire. Preferably, the balloon is provided in an 
initially uninflated state, wrapped spirally about itself to 
define a low profile in lateral cross-section. When the 
lumen outlet is sealed, via the advancement of the guide 
wire, the balloon can be filled with liquid to place the 
balloon in a fully inflated state wherein the balloon is 
unwrapped. The physician can then check the balloon 
for leaks and otherwise determine whether it is ready 
for use. The inflation medium can then be withdrawn 
proximally from the balloon, returning the balloon to its 
initial spirally-wrapped, uninflated State. 
The inventive method can be undertaken with or 

without a guide wire placed in the lumen proximal to 
the lumen outlet. In a preferred embodiment of the 
inventive method, the distal end of a guide wire is posi 
tioned just proximal to the lumen outlet prior to filling 
the lumen with inflation medium. This thus provides the 
physician with a very quick and simple method for 
purging the catheter and balloon of unwanted gases 
prior to use. 
The catheter of the present invention is an over-the 

wire catheter which does not require separate inflation 
and guide wire lumens. The catheter includes a main 
shaft, an inflatable balloon enclosing a guide wire direc 
tor, and a means for providing a fluid tight seal around 
the guide wire. The shaft is an elongate hollow thin wall 
tube having a proximal end and a distal end, and having 
a lumen extending therethrough from the proximal end 
to the distal end. A first end of the inflatable balloon is 
connected to the distal end of the shaft and a proximal 
end of the guide wire director. A second end of the 
inflatable balloon is connected to a distal end of the 
guide wire director. The interior of the balloon is in 
fluid communication with the lumen of the shaft. The 
means for providing a fluid tight seal around the guide 
wire is positioned in the distal portion of the catheter to 
allow for inflation and deflation of the balloon. 
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In one preferred embodiment of the present inven 
tion, the guide wire director comprises a permeable 
material acting as a port communicating an inflation 
medium between the lumen and the balloon interior. 
The means for providing a fluid tight seal in order to 
inflate and deflate the balloon comprises inflation and 
deflation valves positioned in or near the distal end of 
the balloon which close on the guide wire during infla 
tion and deflation of the balloon so as not to permit fluid 
leakage into/out of the second end of the balloon while 
inflating/deflating. 

In another preferred embodiment of the present in 
vention, the guide wire director is integral with and of 
similar construction to the main shaft, but has a smaller 
diameter. The guide wire director contains perforations 
which act as ports communicating an inflation medium 
between the lumen and the balloon interior. The means 
for providing a fluid tight seal comprises inflation and 
deflation valves positioned within the interior of the 
balloon which collapse onto the guide wire during ap 
plication of positive or negative fluid pressure. 

In still another embodiment, an inflatable/deflatable 
valve located in the balloon acts as the means for pro 
viding a fluid tight seal. The valve is controlled by fluid 
pressure/vacuum supplied through a small diameter 
tube extending through the interior of the shaft and the 
guide wire director. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view of a first preferred embodi 
ment of the balloon catheter of the present invention, 
showing the balloon in an inflated state. 

FIG. 2 is a sectional view of a second preferred em 
bodiment of the balloon catheter of the present inven 
tion. 

FIG. 3A is a detail view of the inflation valve shown 
in FIG. 2 under zero fluid pressure. 
FIG. 3B is a detail view of the inflation valve shown 

in FIG. 2 collapsed upon the guide wire under 1 atm 
pressure within the balloon. 

FIG. 3C is a detail view showing collapse of the 
deflation valve on wire during application of a vacuum 
to the interior of the shaft. 
FIG. 4A and 4B are sectional views of a third pre 

ferred embodiment of the balloon catheter of the pres 
ent invention. 
FIG. 5 is a sectional view of the first preferred em 

bodiment of the present invention, showing the balloon 
catheter of FIG. 1 in an uninflated state, with the guide 
wire not yet moved distally across the inflation/defla 
tion valve. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

A catheter 10 shown in FIG. 1 is a dilatation balloon 
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catheter, for use with guide wire 18, which includes . 
catheter shaft 12, balloon member 14, guide wire direc 
tor 16, inflation valve 20 and deflation valve 22. 

Shaft 12 is an elongated flexible tube, preferably of 
stainless steel or polyimide with a low friction coating 
24 such as Paralene or Teflon. Depending on the char 
acteristics desired, shaft 12 can be of an integral or 
multipart construction. In the embodiment shown in 
FIG. 1, shaft 12 has an inside diameter of about 0.027 
inch, an outside diameter of about 0.031 inch, and a 
shaft coating 24 thickness of about 0.0008 inch. Shaft 12 
is mounted at its proximal end to an inflation device (not 
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4 
shown) which provides fluid under pressure to the 
lumen of shaft 12 for balloon inflation. 

Balloon member 14, which is preferably a polymer 
material such as polyolefin, has a proximal or waist 
segment 26, a distensible balloon segment 28, and a 
small diameter distal segment 30. Proximal segment 26 
is bonded to the distal end of shaft 12 and to the proxi 
mal end of guide wire director 16. Bonding material 32 
is provided to seal together shaft 12 and guide wire 
director 16 with proximal segment 26 of balloon mem 
ber 14. 

In the embodiment shown in FIG. 1, guide wire di 
rector 16 extends through the interior of balloon mem 
ber 14 with its diameter decreasing uniformly there 
through. The proximal end of guide wire director 16 is 
bonded by bonding material 32 (such as by an epoxy) to 
the distal end of shaft 12, and the distal end of guide 
wire director 16 is bonded to the distal segment 30 of 
balloon member 14. Guide wire director 16 is com 
prised of a permeable plastic material such that it acts as 
a port communicating an inflation medium between 
shaft 12 and balloon member 14. A radiopaque spring 34 
surrounds guide wire director 16 at the central location 
of distensible balloon segment 28. Radiopaque spring 34 
acts as a marker before the inflation medium is injected 
into and inflates distensible balloon segment 28. Thus, 
the physician can determine when balloon member 14 is 
properly positioned across the stenosis. 

In FIG. 1, distal segment 30 of balloon member 14 
contains inflation valve 20 and deflation valve 22 
bonded therein. Guide wire 18 extends through shaft 1 
and through balloon member 14. The inflation/defla 
tion valve system permits guide wire 18 to pass through 
distal segment 30 of balloon member 14, but closes upon 
guide wire 18 during inflation and deflation of distensi 
ble balloon segment 28. Upon inflation, the inflation 
medium will pass through permeable plastic guide wire 
director 16 to inflate distensible balloon segment 28. 
Inflation valve 20 will simultaneously close on guide 
wire 18 thus providing a fluid tight seal. Upon deflation, 
the inflation medium will evacuate distensible balloon 
segment 28 by passing back through permeable plastic 
guide wire director 16. Deflation valve 22 will simulta 
neously close on guide wire 18 again providing a fluid 
tight seal. The inflation/deflation valve system of the 
present invention prevents any inflation medium from 
entering the vascular system during inflation, and pre 
vents any blood or other body fluid from entering bal 
loon catheter 10 during deflation. 
A significant advantage of the present invention is the 

possibility for a very low profile catheter. Shaft 2 of 
catheter 10 acts as an inflation lumen as well as a guide 
wire path. Thus, a separate guide wire lumen is not 
required. The removal of the inner guide wire lumen 
(such as in a coaxial over-the-wire catheter) allows for 
a significantly smaller shaft 12. 

FIG. 2 shows dilatation catheter 50, which is another 
embodiment of the present invention. Catheter 50, 
which is used in conjunction with guide wire 58, in 
cludes catheter shaft 52, balloon member 54, guide wire 
director 56, and valves 60 and 62. 

Shaft 52 is an elongated flexible thin wall tube, prefer 
ably made of stainless steel or polyimide, with a low 
friction coating 66 such as Paralene or Teflon. Again, 
shaft 52 can be of an integral or multipart construction. 
Shaft 52 is mounted at its proximal end to an inflation 
device (not shown) which provides fluid under pressure 
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to the lumen of shaft 52 for balloon inflation/vacuum 
deflation. 

Balloon member 54, which is preferably a polymer 
material, has a proximal or waist segment 68, a distensi 
ble balloon segment 70, and a small diameter distal 
segment 72. Proximal segment 68 is bonded to the distal 
end of shaft 52 and to the proximal end of guide wire 
director 56. 

In the embodiment shown in FIG. 2, guide wire di 
rector 56 extends through the interior of balloon mem 
ber 54 with its diameter increasing near proximal seg 
ment 68. Guide wire director 56 is integral with and the 
same entity as shaft 52, and is thus a non-porous mate 
rial. The distal end of guide wire director 56 is bonded 
to distal segment 72 of balloon member 54. Perforations 
64 in guide wire director 56 act as a port communicating 
an inflation medium between shaft 52 and the interior of 
balloon member 54. 

In FIG. 2, inflation valve 60 and deflation valve 62 
are shown. Inflation valve 60 and deflation valve 62 are 
preferably made of flexible polymeric material. Guide 
wire 58 extends through shaft 52, through balloon mem 
ber 54, and out of and beyond distal segment 72 of 
balloon member 54 and the distal end of guide wire 
director 56. Upon inflation, an inflation medium passes 
through perforations 64 to inflate distensible segment 70 
of balloon member 54. Inflation valve 60 simultaneously 
closes on guide wire 58, thus providing a fluid tight seal 
between inflation valve 60 and guide wire 58. FIG. 3A 
shows inflation valve 60 in FIG. 2 under zero inflation 
medium pressure. FIG. 3B shows inflation valve 60 
collapsed upon guide wire 58 during inflation under 1 
atm inflation medium pressure. Upon deflation, the 
inflation medium evacuates distensible balloon segment 
70 by passing back through perforations 64 of non-por 
ous guide wire director 56. As shown in FIG. 3C, defla 
tion valve 62 simultaneously closes on guide wire 58, 
providing a fluid tight seal between valve 62 and guide 
wire 58. 

FIGS. 4A and 4B show dilatation catheter 80, which 
is still another embodiment of the present invention. 
Catheter 80 is used in conjunction with guide wire 82. 
Catheter 80 includes shaft 84, balloon member 86, guide 
wire director 88, bladder valve 90, and bladder infla 
tion/deflation tube 92. Catheter 80 is an over-the-wire 
type of dilatation balloon catheter which is moveable 
with respect to guide wire 82. 

Shaft 84 is an elongated, flexible tube which may be 
of a single or multipart construction. In one preferred 
embodiment, shaft 84 is a stainless steel or polyimide 
material, with a low friction coating. 

Balloon member 86, which is preferably a polymer 
material, has a proximal or waist portion 94, a distensi 
ble balloon segment 96, and a distal segment 98. Proxi 
mal segment 94 of balloon member 86 is bonded or 
otherwise attached to the distal end of shaft 84. 
Guide wire director 88 extends through the interior 

of balloon member 86. Guide wire director 88 is perme 
able, to allow fluid communication between the lumen 
of shaft 84 and the interior of distensible segment 96 of 
balloon member 86. The proximal end of guide wire 
director 88 is bonded or otherwise attached to the distal 
end of shaft 84, the proximal segment 94 of balloon 
member 86, or both. 
At its distal end, guide wire director 88 is attached to 

bladder valve 90 within the interior of distal segment 
98. The distal end of guide wire director 88, and the 
proximal end of bladder valve 90 are attached by a ring 
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6 
100 of a bonding material (such as epoxy) to the interior 
of distal segment 98. A second ring 102 of bonding 
material attaches the distal end of bladder valve 90 to 
the interior of distal segment 98 of balloon member 86. 
Tube 92 extends from the proximal end of catheter 80 

through shaft 84 and the interior of balloon member 86 
into cavity 104, which is an annular cavity defined by 
bladder valve 90, distal segment 98, and rings 100 and 
102 of bonding material. Bladder valve 90 can be in 
flated so as to surround and form a fluid-type seal 
around guide wire 82 by applying fluid under pressure 
through tube 92 to cavity 104. Bladder 90 is inflated by 
a low viscosity fluid to act as a shut off valve during 
inflation and deflation of balloon segment 96. In this 
embodiment, the lumen of shaft 84 and the inner lumen 
of tube 92 are attached to separate manifolds (not 
shown) at the proximal end of catheter 80. 
As mentioned, the shaft can be of multipart construc 

tion. For example, in a typical catheter shaft of approxi 
mately 54 inches, the first 42 inches from the proximal 
end of the shaft are "hypotube' (stainless steel hypoder 
mic needle tube), while the last 12 inches are a flexible 
polymer tube (e.g., HDPE). In this case, the distal end 
of the hypotube and proximal end of the flexible poly 
mer tube are bonded together, and the distal end of the 
flexible polymer tube and proximal end of the balloon 
member are bonded together (or the flexible polymer 
tube and balloon member may be integral). Indeed, in 
one embodiment, the shaft and balloon member are 
integrally formed from a suitable polymer material. 
The catheter improvements described above permit 

the use of a unique gas purging procedure to prepare a 
dilatation catheter for use. The inflation-deflation valve 
allows gas to be vented from the distal end of the cathe 
ter and the balloon to be inflated and deflated by the 
physician before its introduction into the patient's body. 
The inventive process for purging is performed much 
more efficiently and quickly, factors which of course 
are critical and valuable in an angioplasty procedure. 
The inventive method of purging a catheter is illus 

trated in connection with the catheter 10 shown in FIG. 
1, and also in FIG. 5, and proceeds as follows. Inflatable 
balloon 14 is initially in an uninflated state, wrapped 
spirally about itself, as shown in FIG. 5. A shaft lumen 
36 of catheter 10 is filled with inflation medium (typi 
cally a saline solution) from a proximal end of shaft 12 
until inflation medium is forced out of lumen 36 through 
a distal lumen outlet 38. The distal flow of inflation 
medium is demonstrated by arrows 40 in FIG. 5. The 
expulsion of inflation medium out of lumen outlet 38 is 
demonstrated by arrows 42 in FIG. 5. 
The inflation medium is delivered from the proximal 

end of shaft 12 through lumen 36 at a pressure sufficient 
to fill and purge balloon 14 and shaft lumen 36 of un 
wanted air without also inflating balloon 14. The bal 
loon 14 remains uninflated and wrapped spirally about 
itself during this step of the inventive purging method. 
The guide wire director 16, of a permeable plastic mate 
rial, acts in its entirety as an inlet from lumen 36 to the 
interior of balloon 14. The lumen outlet 38 is positioned 
distally of guide wire director 16, allowing for purging 
of balloon 14. In other preferred embodiments of the 
inventive method, the guide wire director is non-porous 
and/or integral with a shaft, and a perforation in the 
shaft or the director provides a means of fluid communi 
cation between the shaft lumen and the balloon interior, 
thereby defining a lumen inlet proximal to a lumen 
outlet (e.g., perforation 64 in FIG. 2). 
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Once the balloon 14 and shaft lumen 36 are filled with 
inflation medium (and thus purged of air), guide wire 18 
is advanced distally through the lumen to form a liquid 
tight seal about the guide wire 18 distally of the inlet/- 
guide wire director 16. This liquid-tight seal is demon 
strated in FIG. 1, where guide wire 18 is advanced 
distally of inlet/guide wire director 16 and a liquid-tight 
seal is formed about guide wire 18 by inflation valve 20 
and deflation valve 22. 

Preferably, balloon 14 is then filled with inflation 
medium, after the liquid-tight seal is formed, to place 
balloon 14 in a fully inflated, unwrapped state. The 
physician can then ascertain whether the balloon 14 is 
liquid-tight, has the desired profile, and is ready for use. 
FIG. 1 shows catheter 10 with balloon 14 in its fully 
inflated state with a liquid-tight seal formed about guide 
wire 18. After the inflated balloon has been evaluated, a 
reverse pressure is applied to inflation lumen 36 from its 
proximal end. The inflation fluid is thus withdrawn 
proximally from balloon 14 and balloon 14 returned to 
its initial spirally wrapped, uninflated state. The inven 
tive purging method attains a sealed, liquid-tight, angio 
plasty catheter, ready for use on a patient, with a shaft 
lumen 36 and balloon 14 completely purged of air. 

In a preferred use of the inventive method, the guide 
wire 18 is positioned just proximal of the lumen outlet 
38 prior to filling the shaft lumen 36 with inflation me 
dium, as indicated in FIG. 5. With the guide wire 18 
positioned in this matter, the liquid-tight seal can be 
formed rapidly following the filling and purging of the 
balloon 14 and shaft lumen 36. This step is useful when 
time is critical during the angioplasty procedure. 
The inventive method has been described with refer 

ence to the embodiment of a balloon catheter with an 
inflation-deflation valve seen in FIGS. 1 and 5. It should 
be recognized that the method is equally applicable to 
the other illustrated embodiments of the balloon cathe 
ter with inflation-deflation valve. 
For example, FIG. 2 shows dilatation catheter 50 

with the inventive inflation-deflation valve. As seen in 
FIG. 2, catheter 50 has each of the features necessary to 
perform the inventive method. An inflatable balloon 54 
is provided at a distal end of a shaft 52 which has an 
inflation lumen 76 extending therethrough. The lumen 
76 has at least one inlet (perforation) 64 in communica 
tion with the interior of balloon 54 and extends to a 
lumen outlet 78 distally of the inlet 64. In catheter 50 of 
FIG. 2, a liquid-tight seal is formed about guide wire 58 
following the purging of the balloon 54 and the catheter 
shaft lumen 76 by inflation-deflation valve components 
60 and 62. 

FIG. 4A shows dilatation catheter 80, still another 
embodiment of the balloon catheter with the inventive 
inflation-deflation valve. As seen in FIG. 4A, catheter 
80 also has each of the features necessary to perform the 
inventive method. An inflatable balloon 86 is provided 
at a distal of a shaft 84 which has an inflation lunen 106 
extending therethrough. In FIG. 4A, as in FIGS. 1 and 
5, guide wire director 88 is permeable and acts in its 
entirety as an inlet providing communication between 
the lumen 106 and the interior of balloon 86. The lumen 
106 extends to a lunen outlet 08 which is distal from 
the guide wire director 88, as seen in FIG, 4A. A liquid 
tight seal is formed about guide wire 82 via inflation of 
bladder valve 90, after purging. 

In summary, the method of the present invention 
provides for effective purging of a dilatation catheter 
with an inflation-deflation valve. The purging method 
does not require separate lumens nor a distal venting 
device. The inventive method instead provides for 
purging of a single lunen, over-the-wire catheter by 
filling the catheter and balloon with inflation medium, 
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8 
thus purging the balloon catheter of unwanted air, and 
forming a liquid-tight seal about a guide wire distally 
from an inlet between the catheter shaft lumen and the 
interior of the balloon. Purging can be accomplished 
very rapidly by positioning the guide wire just proximal 
of the lumen outlet prior to purging, providing a signifi 
cant advantage in a medical procedure where time is a 
critical factor. 
Although the present invention has been described 

with reference to preferred embodiments, workers 
skilled in the art will recognize that changes may be 
made in form and detail without departing from the 
spirit and scope of the invention. 
What is claimed is: 
1. A method for preparing an over-the-wire balloon 

catheter for use prior to the introduction thereof into a 
patient, wherein the catheter has a shaft with a lumen 
extending longitudinally therethrough from a proximal 
end to a distal end, with the lumen having an inlet at the 
proximal end of the shaft, an outlet at the distal end of 
the shaft and at least one balloon inflation aperture 
therebetween, and wherein the catheter has an inflat 
able balloon about the shaft, with the lumen having its 
balloon inflation aperture in fluid communication with 
the interior of the balloon, the method comprising the 
sequential steps of: 

filling the lumen with liquid from the proximal end of 
the shaft so that liquid is forced out of the lumen 
through the lumen outlet; 

advancing a guide wire distally through the lumen 
until a distal end of the guide wire is past the bal 
loon inflation aperture of the lumen; 

forming a liquid-tight seal about the guide wire in the 
lumen distally of the balloon inflation aperture; and 

filling the balloon with liquid after the liquid-tight 
seal is formed across the lumen to fully inflate the 
balloon. 

2. The method of claim 1, and further comprising the 
step of: 

withdrawing the liquid proximally from the lumen to 
deflate the balloon. 

3. The method of claim 2 wherein the step of forming 
a liquid-tight seal, during the step of withdrawing the 
liquid from the lumen, includes creating a net negative 
pressure within the lumen. 

4. The method of claim 1, and further comprising the 
steps of: 

providing the balloon in an initially uninflated state 
wherein the balloon is wrapped spirally about itself 
to define a low profile in lateral cross-section; and 

maintaining the balloon in its wrapped uninflated 
state until the liquid-tight seal is formed. 

5. The method of claim 4, and further comprising the 
step of: 

withdrawing the liquid proximally from the lumen 
wherein the balloon resumes its spirally-wrapped 
uninflated state. 

6. The method of claim 1, and further comprising the 
step of: 

positioning the distal end of the guide wire just proxi 
mal of the lumen outlet prior to filling the lumen 
with liquid. 

7. The method of claim 1 wherein the step of forming 
a liquid-tight seal includes the step of inflating a bladder 
within the lumen through a separate bladder inflation 
lumen extending longitudinally through the catheter. 

8. The method of claim 1 wherein the step of forming 
a liquid-tight seal, during the step of filling the balloon 
with liquid, includes creating a positive liquid pressure 
within the lunen. 
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